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Abstract 
It is important to increase understanding of the nature of current last-kilometre freight practices so that City Logistics solutions 
can be developed for increasing transport efficiency, reducing road congestion and amenity impacts such as emissions and noise 
pollution as well as enhancing road safety. This paper describes a study undertaken for the City of Melbourne that identified 
current last kilometre freight delivery practices in Melbourne’s Central Business District (CBD) and discusses how the 
challenges may be successfully addressed and managed. Based on traffic surveys, it was estimated that 13.4% of total vehicles 
entering the CBD were delivery/service vehicles and most of these were not involved in CBD last kilometre deliveries being 
either exclusively service vehicles or simply driving through the CBD. Vehicles involved in last kilometre freight activities
were estimated to be only 4.4% of all vehicles entering the CBD. A small proportion of vehicles engaged in last kilometre 
freight deliveries were estimated to be low impact (around 8%) 
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1. Introduction 
Contemporary urban retail logistics systems often involve receivers wanting products delivered immediately 
with potential delivery efficiency being sacrificed in favour of speed or convenience. These practices lead to an 
increased number of freight deliveries and trucks on the streets, which has led to more congestion in cities. It is 
clear that consumers are not paying the full cost of the inefficiency or impact on the transport system. 
Until recently in Melbourne, there has been comparatively little direct attention aimed at last kilometre 
distribution. However, the current City of Melbourne Transport Strategy identified the need to take a street or 
precinct approach to identifying efficient approaches to last kilometre freight delivery (City of Melbourne, 2012a). 
A key direction is to, “foster innovative low-impact freight and delivery in central Melbourne”. The Transport 
Strategy also acknowledges that there is, “very little information about how the system is operating, if it is 
efficient, and if and how it may be able to be improved. There is a gap in understanding of the last kilometre 
task…”. The study described in this paper aims to address this information gap. 
The primary motivation for conducting this study was the need to provide an estimate of the low impact freight 
delivery to the central city as part of the Future Melbourne Monitoring project. This indicator was identified under 
the, ‘Connected City’ Future Melbourne theme (City of Melbourne, 2008) to measure and report the “Innovative 
Urban Freight Logistics” objective, “Low impact and efficient central city last kilometre freight deliveries to 
minimise amenity degrading and inefficient freight traffic in the central city (freight deliveries will take place 
efficiently while minimising their externalities in both Future Melbourne Community Plan and the City of 
Melbourne Transport Strategy”. The indicator, ‘lower impact freight delivery to the central city’ was to be 
estimated as ‘the proportion of last kilometre freight delivered to the CBD by low impact means’. 
Data is vital component of the systems approach to City Logistics (Taniguchi, Thompson, Yamada & van Duin, 
2001). The primary purpose of the study described in this paper was to quantify and analyse existing freight 
deliveries within Melbourne’s Central Business District (CBD). Surveys were designed to estimate the number, 
type and distribution of vehicles performing CBD deliveries providing a baseline for freight activity. The study 
also aimed to estimate the proportion of last kilometre freight delivered to the CBD by low impact means. By 
providing a comprehensive baseline of freight activity, this study will help to inform future directions in freight 
policy and action in Melbourne’s CBD. 
2. Last kilometre freight 
Traffic survey data was used to estimate the total number of freight vehicle trips used for last kilometre 
deliveries. To estimate the total number of freight vehicle trips used for kilometre freight it was necessary to take 
the overall raw traffic survey data and refine it to establish: 
(1) the amount of actual delivery vehicles present in the total volume of light and heavy commercial vehicles, and  
(2) how many of those delivery vehicles are actually carrying last kilometre freight deliveries into the CBD. 
To this end, the following 3-step procedure was followed: 
(1) data collection,  
(2) determination of “real” delivery vehicles, and  
(3) estimation of “through” and last kilometre freight delivery vehicles 
Each of these 3 steps is discussed in more detail below. 
Traffic volume data was collected at 22 locations on the edge of the CBD. The survey was conducted over a 
full-week (7-days) using automatic tube counters. Automatic counters collected traffic volume data and classified 
vehicles in accordance with the standard Austroads Vehicle Classification protocol (AUSTROADS, 2006). 
The surveys revealed that a total of 225,480 vehicles (across all types) were recorded entering the CBD each 
weekday, comprising 220,120 light vehicles and 5,360 heavy vehicles. 
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The traffic volume data needed to be complemented with additional field work to enable meaningful 
understanding of the amount of delivery vehicles entering the CBD. In particular, the classification Light Vehicles 
includes not only “cars” but also a range of vans and light delivery vehicles that may be involved in CBD 
deliveries. 
Furthermore, cars are often used for delivery purposes. Therefore, to estimate how many “light vehicles” are 
actually used as delivery vehicles a field observation survey was used to supplement the automatic traffic volume 
counts. 
In order to establish what proportion of the total vehicles recorded at the 22 count locations on the edge of the 
CBD were actually delivery vehicles (and thus, potentially, last kilometre freight vehicles delivering to the CBD), 
it was necessary to subtract those vehicles that are not involved in “delivery” activities. These are to be extracted 
from both the “light” and “heavy” vehicles recorded entering the city. 
There are 4 sub-categories of “light vehicles” relevant for the purposes of this study: 
(1) private cars not making deliveries, 
(2) private cars making deliveries, 
(3) small commercial vehicles not making deliveries, and 
(4) small commercial vehicles making deliveries. 
 
There are also 2 sub-categories of “heavy vehicles” that need to be considered: 
(1) large commercial vehicles not making deliveries, and 
(2) large commercial vehicles making deliveries. 
To estimate the number of delivery vehicles entering/crossing the CBD each day, a subset of 5 of the 22 entry 
points were assessed in detail through visual field observation surveys undertaken over a 2-hour period between 
9am and 11am on a typical weekday. The 2-hour survey findings were subsequently adjusted to provide 24-hour 
statistics. 
The decision on the time to undertake the visual field observation survey was made based on the necessity to 
capture the highest possible sample size in the lowest possible amount of time. Having established that on average 
39% of all deliveries to businesses within the CBD occur between 9am and 11am (on weekdays), it was logical to 
focus on this time period for the purposes of determining the proportion of delivery vehicles that exist in the full 
commercial vehicle stream. 
The observation surveys recorded Heavy Vehicles (categorised as either Delivery Trucks or Non-Delivery 
Trucks) and Light Vehicles (categorised as either Delivery, Service or Unsure). Private cars clearly not involved in 
deliveries were immediately excluded from the light vehicle fleet. This represented 89% of all light vehicles 
entering the CBD. The remaining light vehicles (cars and vans) were then classified as either delivery or service 
vehicles using the following general guidelines: 
(1) Classified as "delivery vehicle" if the vehicle has an obvious company branding displayed or if “delivery” 
parcels/boxes are observed inside the vehicle, 
(2) Classified as "service vehicle" if service equipment was identified inside or on top of the vehicle (e.g. 
ladder/equipment on top of vehicle), and 
(3) Classified as "Unknown" if there was no branding on the van and it was not possible to see inside the vehicle 
and no service/building equipment was obvious. Cars with no branding were considered private vehicles and 
not counted as delivery vehicles. 
In addition, given that a significant number of light vehicles that were not cars were still classified as 
“unknown”, additional observations were undertaken at on-street and off-street loading/parking areas throughout 
the CBD, in an effort to better understand the function of these “unknown” vehicles. As a result of these 
observations it was concluded that 75% of the light vehicles classified as "unknown" could be classified as 
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delivery vehicles. The observation surveys were then compared to the data from the automatic tube counters 
collected at the five entry points identified above during the exact same two hour period (between 9am and 11am) 
on that day. 
By dividing the number of light and heavy vehicles determined to be legitimately involved in delivery activities 
by the total of light and heavy vehicles at those locations, it was estimated that during the two hour period between 
9am-11am on a weekday: 
(1) 4.7% of all light vehicles counted by automatic tube counters are delivery vehicles, and 
(2) 43% of all heavy vehicles counted by automatic tube counters are delivery vehicles  
Applying these proportions to the 24-hour automatic traffic counts, it is estimated that there are 10,246 light 
delivery vehicles and 2,310 heavy delivery vehicles. The total delivery vehicles entering the CBD each weekday is 
therefore 12,556.  
However, as indicated above, not all of these delivery vehicles stop in the CBD, as some travel through. In 
order to obtain a more reliable estimate of last kilometre freight for the Melbourne CBD, it is therefore necessary 
to identify the likely proportion of “through” delivery vehicles (those not involved in any delivery activity to the 
CBD) and “take those away” from the total number identified above. 
2.1 Estimation of “through” and last kilometer freight delivery vehicles 
Origin-Destination surveys were undertaken for a 2-hour period during the morning at six main entry points to 
determine the proportion of delivery vehicles which are "through" trips and therefore not delivering to locations 
within the CBD. These cordon points selected represent the main "through trip" opportunities for the CBD. At the 
other 16 entry points recorded in the auto counts, the proportion of “through” trips was assigned as either 5% or 
25% depending on the local/through nature of each respective street.  
The proportions of through trips were applied to the respective traffic volumes on those routes to derive an 
estimate (across all 22 entry points into the CBD) of around 21.2% (weighted average by traffic volume at each of 
the respective entry points) of through light and heavy delivery vehicles entering the CBD. Thus, the remaining 
78.8% of light and heavy delivery vehicles enter the CBD and actually carry out deliveries to locations within the 
CBD (last kilometre delivery vehicles). These percentages can be applied for future year estimates as long as the 
proportion of through trips on those routes remains approximately the same. 
Applying this proportion (78.8% of trips being last kilometre freight deliveries to the CBD) to the number of 
delivery vehicles calculated, generates the estimated number of daily last kilometre freight delivery vehicles: 8,065 
light delivery vehicles and 1,825 heavy delivery vehicles. The total estimated number of delivery vehicles entering 
the CBD and carrying out deliveries within the CBD (each weekday) on a typical weekday in February 2012 is 
therefore 9,890. 
3. Low impact freight 
3.1 Classification procedure 
Key factors and criteria were identified for determining the level of impact from last kilometre freight deliveries 
(Table 1). Whether delivery is low impact is determined by a combination of utilisation (whether the vehicle is at 
least 70% full when arriving in the CBD), time of day (whether the vehicle is travelling in peak periods), parking 
(ability to park in off-street loading docks) and fuel type (fossil-fuel powered or low emissions). 
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Table 1. Low Impact Delivery Factors and Criteria 
Factors Criteria 
Low Emissions Vehicle and fuel types 
Traffic flow conditions at time of deliveries 
Load Factor Vehicle commences its freight delivery cycle in the CBD in a highly efficient manner – typically with utilisation > 
70% 
Time of Delivery Vehicle operates with low interference with other vehicles and pedestrians 
Parking Ability to minimise and have a low contribution to congestion – can vehicles park on the first attempt and how often 
are they “circling the block”? 
A flowchart (Fig. 1) illustrates the procedure for determining whether or not a delivery was classified as making 
a low impact or not. This involves consideration of how the load was delivered examining characteristics of the 
vehicle and the trip. 
 
Fig. 1. Impact categorisation procedure 
Initially the classification of the vehicle is considered since deliveries undertaken with vehicles using human-
powered means (such as cyclists) are deemed low impact (irrespective of the size/capacity/number of such 
deliveries) as by their very nature such deliveries do not give rise to emissions and congestion and do not ‘take up’ 
traditional parking bays. Their utilisation is also not comparable to traditional courier vehicles. Hybrid or 
alternative fuel vehicles and fossil fuelled vehicles both require more analysis before they can be deemed high or 
low impact. 
The utilisation of the capacity of the vehicle is a difficult concept to measure as it can vary from hour to hour, 
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day to day and therefore be extremely hard for carriers to report in average terms. Simplification was required and 
done by limiting the question to the start of the day, when most carriers should be at their most efficient. A 
threshold of 70% for classification as low impact delivery was selected based on international research showing 
that this level of utilisation reflects best business practices. 
The time of day carriers start delivering is important in evaluating how much of an impact they have on overall 
traffic congestion. Deliveries during times of low congestion are generally more efficient, therefore low impact 
deliveries should be during times of low traffic congestion or low pedestrian intensity. Morning and afternoon peak 
hour traffic mainly consist of commuters who cannot change their patterns of travel due to their work schedule and 
are deemed high impact. Lunchtime was also considered a time of high impact for carriers as the city is generally 
busier both in foot and private vehicle traffic. 
The second section of the impact classification process concentrates on the trip itself, mainly parking. Carriers 
who park illegally are automatically deemed high impact, as are vehicles who “circle the block” waiting for other 
vehicles to leave so they can park. Low impact deliveries are made when the carrier can find a legal park on the 
first attempt. 
In order to be classified as a low impact delivery, the time of the delivery was to occur out of peak hours. Peak 
hours for the purposes of this classification were defined as 7.00am-10.00am, 11.00am-2.00pm and 4.00pm-
6.00pm.  
A low impact delivery is one where the vehicle is not required to park on street, and may make use of a loading 
dock which will remove potential conflict with other vehicles and pedestrians when unloading and transporting 
goods to the receiver. Loading docks may also facilitate deliveries outside normal business hours. Crossing of 
footpaths while vehicles access loading docks can present conflicts with pedestrians. However, it is expected that 
this will provide less conflict than on street parking. Using the criteria described above and illustrated in Fig. 1, the 
proportion of last kilometre freight deliveries in the Melbourne CBD that could be classified as low was estimated.  
3.2 Survey results 
A total of 52 carrier interviews were undertaken, most being conducted in “off-street” purpose-built loading 
docks, with a smaller number being “on-street”, by intercepting couriers in the process of making deliveries. The 
responses from the 52 carrier interviews were analysed using these criteria to determine the proportion of high and 
low impact deliveries. 
3.2.1 Fuel type 
Low impact deliveries are those undertaken by human powered vehicles (such as bicycles) or those using 
advanced fuel/engine technologies (such as electric or hybrid electric vehicles or those using biodiesel, liquefied 
petroleum gas and hydrogen fuels). Of the 52 carriers interviewed, 51 respondents were couriers delivering goods 
using fossil fuel powered vehicles. One respondent was a bicycle courier and would normally be automatically 
classified as low impact. However, a specific evaluation of the characteristics of bicycle couriers in Melbourne 
revealed that: 
(1) Virtually all bicycle deliveries had an origin and destination within the CBD, 
(2) Most deliveries were light weight and low volume items that made up only a small proportion of all freight 
delivered within the CBD, and  
(3) The number of bicycle deliveries represented only around 2% of all deliveries in the CBD. 
Within this context, bicycle delivery statistics have been omitted from the evaluation of low impact deliveries. 
In other words, “only” the remaining 51 courier results were used. 
Since ‘clean’ vehicles are only now (and slowly) being introduced into the market, deliveries made using fossil 
fuel vehicles were categorised as low impact if they met all the remaining criteria (as defined in Fig. 1). 
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3.2.2 Utilisation Factor 
A 70% utilisation factor (at the beginning of the delivery route) for classification as low impact delivery was 
selected based on international research showing that this level of utilisation reflects best business practices. Of the 
51 carriers delivering using fossil fuel powered vehicles, 10 had a utilisation level of 70% or less at the start of 
their route. Two carriers started off with empty vans, but were engaged in picking up parcels and therefore 
discounted. Another three couriers stating “varying” levels of utilisation were conservatively deemed high impact 
since not enough information was available to make a valid determination. In total, 13 carriers were deemed high 
impact based on low utilisation. The remaining 38 carriers were classified as low impact under this criterion. 
3.2.3 Time of Entry to the CBD 
Low impact deliveries are those in which the time of delivery occurs outside peak hours. For the purposes of 
this classification, peak hours were defined as being in the periods 7.00am-10.00am, 11.00am-2.00pm or 4.00pm-
6.00pm. A total of 24 of the remaining 38 carriers (low impact up to this stage of analysis) delivering using fossil 
fuel powered vehicles were deemed high impact as they arrived in the CBD during the AM peak period (7am to 
10am). Two carriers were conservatively assumed as high impact since they were unable to provide accurate 
information on the time of entry into the CBD. In total, 26 carriers were deemed high impact based on time of 
entry. The remaining 12 carriers were classified as low impact under this criterion. 
3.2.4 Parking Location and Behaviour 
Low impact deliveries are those in which the carrier can find a legal parking location on the first attempt or has 
access to a loading dock or other off-street parking location. Carriers who park illegally are automatically 
classified as high impact, as are vehicles who “circle the block” waiting for other vehicles to leave so they can 
park. 
A total of 6 of the remaining 12 carriers had parking-related traffic infringements and were therefore classified 
as high impact. One of the other 6 carriers (with no traffic infringements) reported no difficulties finding parking 
and was classified as low impact. 
The other five carriers reported problems finding a place to park on street on some of their delivery trips. 
Information collected through the courier interviews indicated that carriers experiencing difficulty finding on street 
parking will “circle the block” on average on 23% of their delivery trips. Applying this proportion to the remaining 
5 carriers gives a total of 2 additional couriers that can be classified as high impact. In total, 8 of the 12 carriers 
were classified as high impact due to low parking efficiency, leaving only four of the deliveries undertaken using 
fossil fuel powered vehicles as low impact deliveries. In summary, the 4 remaining deliveries (excluding the 
bicycle courier) out of the total 51 carriers interviewed represent 8% low impact last kilometre freight deliveries in 
the CBD. 
4. Conclusion 
A combination of automatic traffic counts and an observation origin and destination survey was able to estimate 
that only around 1 in 3 delivery/service vehicles crossing into the CBD in a typical weekday are actually involved 
in last kilometre freight deliveries within the CBD.  
More specifically, 8,065 of the 24,860 light delivery/service vehicles entering the CBD (32%) and 1,825 of the 
5,360 heavy commercial vehicles entering the CBD (34%) were estimated to be last kilometre freight vehicles 
servicing the CBD. Hence, the majority of delivery/service vehicles on the CBD’s streets are not involved in last 
kilometre freight deliveries – around 68% of light vehicles (excluding private cars not involved in deliveries) and 
66% of heavy vehicles. 
Only 12,556 out of the 225,480 vehicles entering the CBD were found to be “delivery” vehicles and an even 
lower number, namely 9,890, were deemed to be last kilometre freight actually delivering to CBD properties. This 
is around 4.4% (around 1 in 23) of the total number of vehicles entering the CBD, of which only 8% were 
estimated to be low impact, representing around 790 delivery vehicles.  
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